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Plant growth in soil amended 
with drilling mud 
Satoshi Takaki* and Duane C. Wolf†
ABSTRACT
Extraction of natural gas generates drilling fluid and drilling mud that contain high concentrations 
of salts. Land application of the fluid and mud can have negative impacts on plant growth and soil 
properties. The objective of this study was to determine the effects of drilling mud on plant growth, 
plant chemical concentrations, and soil chemical properties. Sudangrass (Sorghum sudanense 
[Piper] Stapf [Piper]) and bermudagrass (Cynodon dactylon L.) were grown in a Roxana loam soil 
amended with 0%, 5%, or 10% (w/w) drilling mud in a 6-wk greenhouse study. Plant biomass pro-
duction and concentrations of elements in biomass were determined. Electrical conductivity, pH, 
and concentrations of extractable and total elements in soil were analyzed. The addition of drilling 
mud significantly reduced shoot and total biomass production of both plant species and root bio-
mass of bermudagrass. When drilling mud was added to the soil, plant Ca and Mg levels increased. 
Soil levels of Na, Cl, and the electrical conductivity significantly increased with increased levels of 
drilling mud application which indicated that salinity was most likely limiting plant growth. Exces-
sive rates of drilling mud application can adversely impact soil properties and reduce plant growth.  
* Satoshi Takaki is a 2010 graduate with a major in Environmental, Soil, and Water Science.
† Duane C. Wolf is a faculty mentor and a professor in the Department of Crop, Soil, and Environmental Sciences.
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INTRODUCTION
Natural gas is the third largest energy resource and 
accounts for 15.6% of the annual global energy consumption 
(IEA, 2009). Annual production of natural gas increased 
from 2.1 × 1012 m3 in 1995 to 2.8 × 1012 m3 in 2005 (BP, 2006). 
It is anticipated to increase to 4.9 × 1012 m3 by 2025 (Balat, 
2009).
Extraction of natural gas uses water to lubricate and 
cool the drilling apparatus, transport formation cuttings to 
the surface, and seal porous geologic formations (ASME, 
2005). The resulting water is known as drilling fluid that is 
transported to a holding pond where solids settle (Argonne 
National Laboratory, 2010). The drilling fluid is removed for 
disposal and the drilling mud remains. Drilling fluid and 
drilling mud often contain salts (Na and Cl), barite, water-
based surfactants or diesel, and montmorillonite (Miller and 
Pesaran, 1980). The concentrations of soluble salts, trace ele-
ments, and the high pH of drilling mud have the potential to 
reduce plant growth (Nelson et al., 1984). 
The objective of this study was to determine the effects of 
three rates of drilling mud on growth of two plant species, 
plant chemical concentrations, and chemical properties of a 
Roxana loam soil following a 6-wk greenhouse study. 
MATERIALS AND METHODS
Experimental Set-up. Drilling mud was collected from a 
depth of 0 to 15 cm from a holding pond from which the 
drilling fluid had been removed. The soil used for the study 
was Roxana loam (coarse-silty, mixed, superactive, nonacid, 
thermic Typic Udifluvents), collected from a depth of 0 to 15 
cm at the Vegetable Research Station at Alma, Ark. Drilling 
mud and Roxana soil were crushed to pass a 2-mm stainless- 
steel sieve. The drilling mud and soil were analyzed at the 
Arkansas Agricultural Diagnostics Laboratory (Fayetteville, 
Ark.) for pH and electrical conductivity (EC) in a slurry of 
1:2 soil to water (w/w). The total nitrogen (TN); total carbon 
(TC); water-extractable Cl; concentrations of Mehlich-3-ex-
tractable Ca, Mg, Na, Cu, and B; and the total elemental anal-
ysis of Ca, Mg, Na, Cu, and B were also determined. The val-
ues of TN and TC were obtained by the Dumas combustion 
method using vario Max CN Element Analyzer (Elementar 
Analysensysteme GmbH, Hanau, Germany). Water-ex-
tractable chloride, Mehlich-3-extractable, and total ele-
ment analyses were conducted using an inductively coupled 
plasma atomic emission spectrometer (ICP-AES; SPECTRO 
ARCOS; SPECTRO Analytical Instruments Inc., Mahwah, 
N.J.; Mehlich, 1984; Donahue, 1992; Table 1). The total el-
emental analysis used United States Environmental Protec-
tion Agency method 3050 B (USEPA, 1996). The Roxana soil 
contained 12%, 49%, and 39% clay, silt, and sand, respec-
tively, and had a -33 kPa moisture potential of 16% (w/w). 
Two samples of the drilling mud and soil were analyzed and 
the drilling mud had mean TN, TC, pH, EC, and Cl values of 
0.13%, 3.66%, 8.0, 6.42 dS/m, and 6,425 mg/kg, respectively. 
The Roxana soil had mean TN, TC, pH, and EC values of 
0.05%, 0.57%, 6.3, and 0.05 dS/m, respectively.
MEET THE STUDENT-AUTHOR
After I graduated from high school in Japan, I left for the United 
States and attended the University of Arkansas beginning in the fall 
2006 semester. Since I hope to dedicate myself to addressing environ-
mental issues in the future, I completed my B.S. degree in environ-
mental, soil, and water science in December 2010. As an undergradu-
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Dr. Thad Scott on a project to evaluate eutrophic urban streams and 
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processes involved in scientific studies, which has been valuable in 
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Dr. Duane Wolf to evaluate the effect of drilling mud from natural 
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Greenhouse Experiment. The study involved three drilling 
mud rates (0%, 5%, or 10%; w/w), three vegetation treat-
ments (sudangrass (Sorghum sudanense (Piper) Stapf), ber-
mudagrass (Cynodon dactylon L.), or no plant), and four 
replications, for a total of 36 individual sample units. Each 
Conetainer® contained 500 g (dry weight) of Roxana loam 
soil. The rate of drilling mud amendment was 0.0 g (0%), 
25.0 g (5%), or 50.0 g (10%) on a dry-weight basis. Roxana 
soil and drilling mud were thoroughly mixed and added into 
the 6.4-cm diameter by 25-cm long Conetainers® (Kirkpat-
rick et al., 2006). In each sudangrass treatment, five seeds of 
sudangrass were planted into each pot. The soil was adjusted 
to a moisture potential of -33 kPa by addition of distilled 
water.
The Conetainers® were blocked and arranged randomly 
in a greenhouse and watered daily. After 1 week, sudangrass 
germinated and was thinned to one plant per Conetainer®, 
and a 5-cm-sprig of bermudagrass was transplanted into the 
appropriate Conetainers®. After 3 weeks, each Conetainer® 




/kg dry soil (Chapman, 
1999).
Shoot and Root Analysis. After 6 weeks, plant shoots and 
roots were harvested. Shoots were cut at the soil surface, 
rinsed with distilled water, and dried to a constant weight at 
65 °C. After weighing the shoot biomass, the samples were 
ground to pass a 2-mm stainless-steel sieve (Kirkpatrick et 
al., 2008). Harvested roots were washed, dried, and weighed. 
The concentrations of Ca, Mg, Na, Cu, and B in shoots 
were analyzed by the ICP-AES method at the Arkansas Agri-
cultural Diagnostics Laboratory (Donahue, 1992). 
Soil Analysis. After shoots and roots were harvested, 
soils were crushed to pass a 2-mm stainless-steel sieve and 
air-dried. The EC, pH, Cl; the concentrations of Mehlich-
3-extractable Ca, Mg, Na, Cu, and B; and the concentrations 
of total Ca, Mg, Cu, and B were analyzed at the Arkansas Ag-
ricultural Diagnostics Laboratory. 
Statistical Analysis. The statistical analysis was based 
on a two-factor factorial design incorporated with four 
randomized complete blocks (RCB). The two factors were 
drilling mud and vegetation. The statistical analysis meth-
od employed was analysis of variance and multiple com-
parisons were conducted using least significant difference 
(LSD) with α = 0.05. The analysis was carried out using 
SAS® version 9.2 (SAS Institute, Inc, Cary, N.C.).
RESULTS AND DISCUSSION
Plant Parameters. Shoot and total plant biomass were re-
duced at higher drilling mud rates (Table 2). Bermudagrass 
root biomass was not different among the drilling mud rates, 
but root biomass of sudangrass was less at higher drilling 
mud rates (Table 3). Bermudagrass root biomass was small-
er than sudangrass at 0% and 5% drilling mud rates. Total 
bermudagrass biomass was smaller than sudangrass biomass 
with values of 1.35 g/pot and 3.27 g/pot, respectively. 
 The concentrations of plant Ca and Mg at 0% drilling 
mud rate were less than at 5% and 10% which reflected 
the levels of the nutrients contained in the added drilling 
mud (Tables 1 and 4). The concentrations of Na and Cu in 
bermudagrass were greater than sudangrass (data not pre-
sented). The concentrations of B in bermudagrass were not 
different among drilling mud rates, but the concentration 
in sudangrass at 10% drilling mud rate was greater than 0% 
and 5% (Table 5). The concentrations of B in bermudagrass 
were smaller than sudangrass at the same drilling mud rates. 
The B levels were not sufficient to be toxic to plants (Nable 
et al., 1997).
Soil Parameters. The EC and the concentrations of ex-
tractable Ca, Mg, Na, Cu, and B increased with increased 
drilling mud rates (Table 6). The soil pH following the 6-wk 
study was approximately 1 unit greater in soil amended 
with 5% and 10% drilling mud compared to the 0% drill-
ing mud rate (data not presented).  The Cl concentrations in 
soil from the no plant, bermudagrass, and sudangrass treat-
ments increased with increased drilling mud rates (data not 
presented).
The increased soil extractable concentrations of Ca, Mg, 
and Na (Table 6) and Cl due to drilling mud addition result-
ed in increased soil salinity. Increased soil salinity was mea-
sured as greater EC levels at higher mud rates (Table 6). High 
soil salinity has negative effects on plant growth (Dashti 
et al., 2009). Others in previous studies of soils amended 
with drilling fluids and drilling mud have concluded that 
increased salinity was the major factor that inhibited plant 
growth (Bauder et al., 2005; Miller and Pesaran, 1980; Miller 
et al., 1980). The increased salinity was likely the major factor 
in reducing bermudagrass and sudangrass growth at the 5% 
and 10% rates of drilling mud addition used in the current 
study. Soils with soluble salt levels that inhibit plant growth 
are known as saline soils (Brady and Weil, 2002).  
The concentrations of total Ca, Na, Cu, and B in soil were 
significantly increased with increased drilling mud rates 
(Table 7). The concentrations of total Mg were not different 
between 0% and 5% drilling mud rates, but the amount at 
10% was greater than at 0% or 5%.
In addition to salt and Na levels, high concentrations of 
trace elements in soil can inhibit the growth of plants (Athar 
and Ahmad, 2002). Addition of high levels of trace elements 
contained in the drilling mud can be a concern. The concen-
trations of Mehlich-3-extractable and total Cu and B in soil 
were greater at higher mud rates (Tables 6 and 7). However, 
the Cu levels in the plants did not increase (data not shown) 
in response to drilling mud addition which could be related 
to the increased pH levels that reduce plant availability of Cu 
(Nelson et al., 1984; Miller and Pesaran, 1980; Miller et al., 
1980). Results from the greenhouse study did not indicate 
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that Cu or B added in the drilling mud amendment reduced 
bermudagrass or sudangrass growth.  
Other Factors. In addition to the parameters reported in 
the current study, several other factors could reduce plant 
growth in drilling mud-amended soils. Barite (BaSO
4
) is 
used to regulate density and viscosity of drilling fluid and 
control filtration (ASME, 2005). The drilling mud contains 
Ba, S, several trace elements, and lubricants and surfactants 
that would be added to the soil when the drilling mud was 
soil applied. Determining levels of the above parameters was 
beyond the scope of the present study. The Arkansas Depart-
ment of Environmental Quality (ADEQ) Water Division is 
in charge of land application of drilling fluids and requires 
a land application permit (ADEQ webmaster, 2009). Land 
application of drilling mud in Arkansas is not currently al-
lowed and disposal at an appropriate landfill is the common 
method of drilling mud disposal.  
In summary, plant biomass production indicated that 
the addition of 5% or 10% drilling mud rates increased 
soil salinity and Na and Cl concentrations to levels that had 
negative impacts on the growth of bermudagrass and sudan-
grass. Future research should focus on determining suitable 
rates of drilling-mud application and applying agronomic 
management techniques to provide options for disposal of 
drilling mud and to protect the environment.
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Table 1. Mehlich-3-extractable chemical concentrations 
of the drilling mud and Roxana soil and total 
elemental analysis of the drilling mud. 
 Drilling Mud Roxana Loam 
Element Extractable Total Extractable 
 ------------------------------mg/kg------------------------------ 
Ca 5,767 17,825 1,372 
Mg 513 4,263 326 
Na 4,980 5,335 13 
Cu 11.0 59.1 2.3 










Table 2. Influence of three drilling mud rates (w/w) 
on mean shoot and total biomass production 
of sudangrass and bermudagrass after the  
6-week greenhouse study. 
Drilling Mud Shoot Total 
Rate Biomass Biomass 
-----%----- -------------------- g/pot -------------------- 
0 2.47 a* 3.62 a 
5 1.49 b 2.11 b 
10 0.84 c 1.20 c 
LSD 0.47 0.70 
*Means in a column followed by the same letter 


























Table 3. The interaction of three drilling mud rates (w/w) 
and two vegetation types on root biomass production 
after the 6-week greenhouse study. 
  Drilling Mud Rate (w/w) 
Vegetation 0% 5% 10% 
 ------------------------g/pot -----------------------     
Bermudagrass 0.57 c* 0.31 c 0.22 c 
Sudangrass 1.72 a 0.92 b 0.51 c 
*Means followed by the same letter are not significantly 





Table 4. Influence of three drilling mud rates (w/w) 
on plant element concentrations after the  
6-week greenhouse study. 
Drilling Mud Rate Ca Mg 
-----%-----        -----------------% ----------------- 
0 0.39 b* 0.17 b 
5 0.60 a 0.23 a 
10 0.69 a 0.25 a 
LSD 0.15 0.06 
*Means in a column followed by the same letter 
 are not significantly different at P = 0.05. 
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Table 5. The interaction of three drilling mud 
rates (w/w) and two vegetation types on 
plant boron concentration after the 
6-week greenhouse study. 
 Drilling Mud Rate 
Vegetation 0% 5% 10% 
 ------------------- mg/kg ------------------- 
Bermudagrass 2.6 c* 2.6 c 3.7 c 
Sudangrass 7.1 b 9.6 b 13.6 a  
*Means followed by the same letter are not  





Table 6. Influence of three drilling mud rates (w/w) on soil electrical conductivity (EC)  
and extractable element concentrations after the 6-week greenhouse study. 
Drilling Mud Rate EC Ca  Mg Na Cu B 
----%---- --dS/m--    -----------------------------mg/kg----------------------------- 
0           0.094 c* 1,166 c 249 c 20 c 2.6 c 0.4 c 
5 0.585 b 1,703 b 272 b 316 b 3.7 b 0.8 b 
10 1.102 a 2,240 a 307 a 612 a 5.0 a 1.1 a 
LSD 0.096 70 10 22 0.3 0.1 







Table 7. Influence of three drilling mud rates (w/w) on total soil element  
concentration after the 6-week greenhouse study. 
Drilling Mud Rate Ca Mg Na Cu B 
-----%----- ------------------------------------------mg/kg------------------------------------------ 
0 1,631 c* 2,936 b 58 c 7.3 c 6.7 c      
5 2,519 b 2,988 b 338 b 9.7 b 7.3 b     
10 3,559 a 3,099 a 592 a 13.1 a   8.0 a 
LSD 169 65 14 0.4 0.2   
*Means in a column followed by the same letter are not significantly  
 different at P = 0.05. 
 
 
